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GHYLFHV KDYHEHHQEXLOW E\ HPSOR\LQJD VXSHUFRQGXFWLQJ FRPSRVLWH
FDEOH 7KHVH +76 GHYLFHV JHQHUDOO\ KDYH ODUJH FXUUHQW FDUU\LQJ
FDSDFLWLHV 7KHUHIRUH WKH HOHFWURPDJQHWLF FKDUDFWHULVWLF RI D
FRPSRVLWHVXSHUFRQGXFWLQJFDEOHZLWKKLJKFXUUHQWGHQVLW\EHFRPHV
D NH\ SRLQW IRU WKH DSSOLFDWLRQ RI WKHVH +76 GHYLFHV $ KHOLFDO
VXSHUFRQGXFWLQJFDEOHDQGD5RHEHOFDEOHFRQVLVWHGRI<%&2FRDWHG
FRQGXFWRUVZLWKWKHFULWLFDOFXUUHQWRI$#.LQVHOIILHOGDUH
ERWK SURSRVHG LQ WKLV SDSHU 7KH KHOLFDO VXSHUFRQGXFWLQJ FDEOH KDV
WZRFRQGXFWRUOD\HUVDQGWKHVWUXFWXUHSDUDPHWHUVRIWKHKHOLFDOFDEOH
DUHJLYHQ7KH5RHEHOFDEOHKDVOD\HUVZLWKFULWLFDOFXUUHQWRI
$ 7ZR  ' PRGHOV DUH EXLOW IRU D KHOLFDO FDEOH DQG 5RHEHO FDEOH
ZLWKYDULDEOHJHRPHWULHV7KHLUPDJQHWLFIOX[GLVWULEXWLRQVDORQJWKH
D[LVDUHSUHVHQWHGEDVHGRQILQLWHHOHPHQWDQDO\VLVPHWKRGDQGWKHLU
HOHFWURPDJQHWLF FKDUDFWHULVWLFV DUH GLVFXVVHG DV ZHOO 7KH DQDO\VLV
PRGHO FDQ EH IXUWKHU DSSOLHG IRU WKH ODUJH VFDOH KLJK WHPSHUDWXUH
VXSHUFRQGXFWLQJ HOHFWULF GHYLFH GHVLJQ ZLWK KLJK FXUUHQW FDUU\LQJ
DELOLW\





(&(17/< WKH <WWULXP %DULXP &RSSHU 2[LGH <%&2
FRDWHG FRQGXFWRU EHFRPHV PRUH DQG PRUH SRSXODU IRU
VXSHUFRQGXFWLQJHOHFWULFSRZHUGHYLFHVVXFKDVWUDQVIRUPHUV
IDXOW FXUUHQW OLPLWHUV HQHUJ\ VWRUDJH V\VWHPV PDJQHWV DQG
SRZHU WUDQVPLVVLRQFDEOHVZLWKKLJKFULWLFDOFXUUHQWGHQVLWLHV
RI RYHU  0$FP LQ FRQGXFWRU ZLWK OHQJWK H[FHHGLQJ 
NP>@ +76 GHYLFHV DOZD\V UHTXLUH D VXSHUFRQGXFWLQJ FDEOH
ZLWK KLJK FXUUHQW GHQVLW\ ZKHQ WKH\ DUH SODFHG LQ D KLJK
PDJQHWLF ILHOG ZKLFK GHFUHDVHV WKH LQGXFWDQFHV DQG WKXV
LQGXFHGYROWDJHVGXULQJRSHUDWLRQDWKLJKUDPSUDWHV+HOLFDO
FDEOH >@ DQG 5RHEHO FDEOH>@DUH WZR NLQGV RI WKH DVVHPEOHG
+76FDEOHVZLWKKLJKFXUUHQWWUDQVSRUWLQJFDSDELOLWLHV
$KHOLFDOFDEOHFRQVLVWVRIFRSSHUIRUPHUDQGLWFDQLPSURYH
WKH VWDELOLW\ RI WKH VXSHUFRQGXFWRU XQGHU TXHQFK %XW WKH
FXUUHQWVDUHQRWXQLIRUPLQWKHWDSHVRIKHOLFDOFDEOH2QHWKH
RWKHU VLGH WKH 5RHEHO FDEOH KDV XQLIRUP FXUUHQW GLVWULEXWLRQ

7KLVZRUNZDVVXSSRUWE\16)&*UDQW(365&(3.;









IRU WKHIXOO WUDQVSRVLWLRQRIWKH WDSHV+RZHYHU5RHEHOFDEOH
KDVOHVVTXHQFKVWDELOLW\FRPSDUHGWRWKHKHOLFDOFDEOH>@
,QWKLVSDSHUDKHOLFDOFDEOHDQGD5RHEHOFDEOHDUHVWXGLHG
7KHVH WZR NLQGV RI FDEOHV ZLWK WKH FDSDELOLW\ RI FXUUHQW
WUDQVSRUWLQJ$#.LVRSWLPDOGHVLJQHGEDVHGRQDIXOO
' HOHFWURPDJQHWLF ILHOG PRGHO XVLQJ VKHHW FXUUHQW
DVVXPSWLRQPHWKRG7KHPDJQHWLFIOX[GHQVLW\GLVWULEXWLRQVRI






A. Structure introduction of the helical cable 
7KH VWUXFWXUH RI WKH KHOLFDO FDEOH LV VKRZQ LQ )LJ ,W
PDLQO\FRQVLVWVRIDFRSSHUIRUPHUDFRQGXFWRU OD\HUDQGDQ
HOHFWULFLQVXODWLRQOD\HUIURPLQVLGHWRRXWVLGH7KHFRQGXFWRU
OD\HU LV ZRXQG ZLWK VXSHUFRQGXFWLQJ WDSHV 7KH HOHFWULF
LQVXODWLRQ OD\HU LVXVXDOO\ PDGH RI3RO\SURS\OHQH /DPLQDWHG





B. Electromagnetic parameter design 
 Self-inductance of the Helical Cable 





























WKH FXUUHQW IORZHG WKURXJK WKH FRQGXFWRU OD\HU Pi LV WZLVW
SLWFK RI iWK FRQGXFWRU OD\HU ri UHIHUV WR RXWHU UDGLXV RI iWK
FRQGXFWRU OD\HU 7KH VHOILQGXFWDQFHRI iWK FRQGXFWRU OD\HULi 
LQSHUXQLW OHQJWK LVGHWHUPLQHGE\WKHPDJQHWLF ILHOGHQHUJ\
Wm -P 7KH KHOLFDO FDEOH KDV QR VKLHOGLQJ OD\HU VR WKH
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
ZKHUHi DQGjDUHFRQGXFWRUOD\HUV¶QXPEHUi, j «Wm1
LVWKHPDJQHWLFILHOGHQHUJ\RIiWKFRQGXFWRUOD\HUVWm2LVWKH
PDJQHWLF ILHOG HQHUJ\ RI jWK FRQGXFWRU OD\HUV Wm3 LV WKH
PDJQHWLFILHOGHQHUJ\EHWZHHQ iWKDQGjWKFRQGXFWRUOD\HUV
2Q WKH EDVLV RI $PSHUH¶V ODZ WKH WRWDO PDJQHWLF ILHOG
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,, 7KH QXPHULFDO LQGXFWDQFH UHVXOWV DUH EDVHG RQ )(0
VLPXODWLRQRIWKHFDEOHDQGWKH\DJUHHZHOOZLWKWKHDQDO\WLFDO
UHVXOWVZKLFKYHULI\WKHQXPHULFDOUHVXOWV
7KH PDJQHWLF IOX[ GHQVLW\ RI D VLQJOH +76 WDSH LQ WKH
KHOLFDO FDEOH LV VKRZQ LQ )LJ  0DJQHWLF IOX[ GHQVLW\ LQ
GLIIHUHQW SDUWV RI WKH KHOLFDO +76 WDSH LV GLIIHUHQW 7KH
PD[LPXP PDJQHWLF IOX[ GHQVLWLHV RI LQWHUQDO DQG RXWHU
FRQGXFWRU OD\HUV DUH FDOFXODWHG DQG WKH YDULHWLHV RI WKHP
FRQVLGHULQJGLIIHUHQWWZLVWSLWFKDUHVKRZQLQ)LJDVZHOO,W






)RUPHU &URVVDUHD PP PP































)LJ  0DJQHWLF IOX[ GHQVLW\ YHFWRU GLVWULEXWLRQ RI D VLQJOH WDSH LQ KHOLFDO
+76FDEOH






























A. Structure introduction of the Roebel cable 
5RHEHOFDEOH LVDQRWKHURSWLRQ WR LQFUHDVHFXUUHQWFDUU\LQJ
FDSDFLW\ RI DVVHPEOHG * FRDWHG FRQGXFWRUV ,W LV PDGH RI
PHDQGHUVKDSHG <%&2 WDSHV ZKLFK DUH SURGXFHG E\
SXQFKLQJ RXW WUDSH]RLGV IURP ERWK ERUGHUV RI RULJLQDO
FRQGXFWRUV )LJ D SUHVHQWV WKH VFKHPDWLF YLHZ RI D +76
5RHEHO FDEOH ZLWK  VWUDQGV LQ RQH SLWFK OHQJWK 7KH
WUDQVSRVLWLRQ RI WKH VWUDQGV KRPRJHQL]HV WKH HOHFWULFDO DQG
PHFKDQLFDO SURSHUWLHV 7KLV VSHFLDO VWUXFWXUH QRW RQO\
GHFUHDVHV WKH $& ORVV EXW DOVR PDNHV WKH XQLIRUP FXUUHQW
GLVWULEXWLRQ 7KXV 5RHEHO FDEOH KDV DWWUDFWHG FRQVLGHUDEOH
LQWHUHVWDVRQHRIWKHKLJKFXUUHQWFDEOHV
7KH SODQDU VWUXFWXUH RI VLQJOH VWUDQG UHTXLUHG IRU 5RHEHO
FDEOHDUHVKRZQLQ)LJE7KLVVWUXFWXUHFDQEHGHVFULEHG
E\ VHYHUDO JHRPHWULFDO SDUDPHWHUV DV VKRZQ LQ 7DEOH ,,,>@














3DUDPHWHU 1DPH 5RHEHO, 5RHEHO,,
L 3LWFK PP PP
WR 6WUDQG:LGWK PP PP
WX &URVVRYHU:LGWK PP PP
Ls &URVVRYHU/HQJWK PP PP
LISG ,QWHUVWUDQG*DS PP PPș 5RHEHO$QJOH  
n 6WUDQG1XPEHU  
B. Electromagnetic characteristics analysis of Roebel cable 
$VVKRZQ LQ)LJD WKH<%&25RHEHOFDEOH FRPSULVHV
]LJ]DJVKDSHG LQWHUODFHG VWUDQGV RI FRDWHG FRQGXFWRUV WKH
DQDO\WLFDOPHWKRGZKLFKLVHPSOR\HGLQ6HFWLRQ,,FDQQRWEH
XVHG WR FDOFXODWH WKH 5RHEHO FDEOH 7KHUHIRUH DFFXUDWH
HOHFWURPDJQHWLF ILHOG DQDO\VLV RI VXFK FDEOHV FDQ RQO\
DFKLHYHGE\ ILQLWHHOHPHQW VLPXODWLRQZLWK WKUHHGLPHQVLRQDO
PRGHO
,Q RUGHU WR LQYHVWLJDWH WKH HOHFWURPDJQHWLF EHKDYLRUV WZR
5RHEHO FDEOHV FRQVLVWHG RI <%&2 FRDWHG FRQGXFWRUV DUH
DQDO\]HG XVLQJ &2062/ 0XOWLSK\VLFV EDVHG RQ 0D[ZHOO
WKHRU\ ,ID FHUWDLQFXUUHQWGHQVLW\J LV DSSOLHG WR WKHVHFWLRQ
DUHD WKH PDJQHWLF IOX[B DQG PDJQHWLF ILHOG LQWHQVLW\H FDQ
EHFDOFXODWHGLQ
 B JPu  7KHLUFULWLFDOFXUUHQWVDUHGHVLJQHGDV$PSHUH#.
VHOIILHOG7KHVSHFLILFDWLRQVRIWKH5RHEHOFDEOHVDUHVKRZQLQ
7DEOH ,,, 7KH RQO\ GLIIHUHQFHV EHWZHHQ WKHVH WZR 5RHEHO










VKRZQ LQ )LJ  7KLV VWUDQG KDV WKH WUDQVSRUWLQJ FXUUHQW RI
$ :H FDQ ILQG WKDW WKH PDJQHWLF IOX[ GHQVLW\ YDULHV LQ
GLIIHUHQWSDUWVRIWKH5RHEHO+76FRDWHGFRQGXFWRU7KHILHOG
















WKDW WKH PD[LPXP PDJQHWLF IOX[ GHQVLW\ RI 5RHEHO , DQG
5RHEHO ,, DUH P7 DQG  P7 UHVSHFWLYHO\ DQG WKH











)LJ0DJQHWLF IOX[GHQVLW\BZZKHQ WKH WRWDODSSOLHGFXUUHQW LV$ D
5RHEHO,ZLWKWUDSH]RLGDODQJOHE5RHEHO,,ZLWKWUDSH]RLGDODQJOH
8QLWLVP7
C. Electromagnetic parameter design 
7KH PDMRU SUREOHP LQ GHVLJQLQJ VXSHUFRQGXFWLQJ FDEOH LV
WKHFDOFXODWLRQRIVHOILQGXFWDQFHDQGPXWXDOLQGXFWDQFH7KH
LQGXFWDQFH RI WKH FDEOH GHWHUPLQHV WKH FXUUHQW GLVWULEXWLRQ
ZLWKLQGLIIHUHQWOD\HUV$OVRWKHSHUIRUPDQFHVXQGHUG\QDPLF
FRQGLWLRQV DUH UHODWHG WR WKH LQGXFWDQFH )RU UHJXODU
JHRPHWULHVVXFKDVKHOLFDOVWUXFWXUHDQDO\WLFDOPHWKRGFDQEH
DSSOLHG LQ HVWLPDWLRQ RI LQGXFWDQFH DV VKRZQ LQ 6HFWLRQ ,,
+RZHYHU DQDO\WLFDO PHWKRG LV QRW DSSOLFDEOH IRU 5RHEHO
FRQILJXUDWLRQ GXH WR WKH ZHDYHG ]LJ]DJVKDSHG VWUDQGV 7KLV




s m sW W W L I MI    
:KHUH W LV WKH WRWDO HQHUJ\ ZKLFK FDQ EH FDOFXODWHG LQ
&2062/ E\ LQWHJUDWLRQ DFURVV WKH ZKROH VSDFH>@ Ws LV WKH
HQHUJ\LQWKHVHOI LQGXFWDQFHWm LV WKHHQHUJ\LQ WKHPXWXDO
LQGXFWDQFH Ls LV WKH VHOI LQGXFWDQFH ZKLFK LV VROYHG E\ WKH
VLPXODWLRQUHVXOWVRIVLQJOHVWUDQGMLVWKHPXWXDOLQGXFWDQFH












(OHFWURPDJQHWLF DQDO\VLV RI WKH KHOLFDO DQG WKH 5RHEHO
FDEOHV XVLQJ DQDO\WLFDO DQG )(0 PHWKRGV DUH SUHVHQWHG DQG
GLVFXVVHG LQ WKLV SDSHU 7ZR ' PRGHOV WDNLQJ DFFRXQW RI
YDULDEOH SDUDPHWHUV DUH EXLOW IRU KHOLFDO FDEOH DQG 5RHEHO
FDEOH 7KH UREXVW QXPHULFDO PRGHOV LPSOHPHQWHG LQ
&2062/DUHYDOLGDWHGE\WKHDQDO\WLFDOUHVXOWV)LQDOO\WKH
PDJQHWLFIOX[GHQVLW\DQGLQGXFWDQFHZLWKFRQVLGHUDWLRQRIWKH
GLIIHUHQW JHRPHWULHV DUH GLVFXVVHG 7KHVH DQDO\WLFDO PRGHOV
FDQ EH IXUWKHU DSSOLHG IRU WKH ODUJH VFDOH KLJK WHPSHUDWXUH
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